genome, they evaluated 703 single nucleotide variants (SNVs) with a predicted effect at the protein level. Thus, they identified 8 SNVs that were located exclusively within the corresponding deletions of their patients. Upon evaluation for their phenotypic impact using the Grantham matrix score [Grantham, 1974] , Genomic Evolutionary Rate Profile (GERP) [Cooper et al., 2005; Davydov et al., 2010] , PANTHER [Thomas et al., 2003] , and PolyPhen2 [Adzhubei et al., 2010] , the authors retained no plausibly pathogenic SNV [Hochstenbach et al., 2012] .
In one of the patients, the inherited deletion unmasked another small inherited deletion on the second allele, which comprised the entire HSBP1 gene [Hochstenbach et al., 2012] . Population analyses of large CNVs has revealed a frequency of 5-10% in healthy individuals for CNVs of 500 kb and larger, which is in the same range as in patients with developmental delay [Cooper et al., 2011] . Since size and gene content of CNVs are negatively correlated with their population frequency [Itsara et al., 2009] , smaller structural variants may occur at even higher frequencies in the healthy population. Two independent studies indicate that CNVs of 500 bp and larger occur at a median frequency of more than 1,000 CNVs per healthy individual [Itsara et al., 2009; Conrad et al., 2010] . Thus, it is conceivable that compound inheritance of 2 deletions, albeit of different size, may have caused the disease of the patient who has retained no intact HSBP1 alleles [Hochstenbach et al., 2012] . Albers et al. [2012] , in contrast, selected 55 patients with the thrombocytopenia absent radius syndrome (TAR; OMIM 274000), which is a contiguous gene deletion syndrome with apparent autosomal recessive inheritance [Klopocki et al., 2007] and performed exome sequencing of 5 TAR patients. These authors too, did not find any coding mutations in the retained alleles of the
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Beware of Hemizygous Deletions That May Unmask Deleterious Variants
With array-based genome-wide analyses of copy number variations (CNVs), in up to 19% of patients with idiopathic mental retardation or developmental delay and other complex disorders, pathogenic segmental aneuploidies have been detected [Hochstenbach et al., 2011] . Deletions, being either terminal or interstitial and including recurrent microdeletion syndromes, account for roughly half of the genomic imbalances in such patients. De novo deletions in sporadic patients are generally believed to be pathogenic [Gijsbers et al., 2011] . Genes within an inherited deletion, however, cannot provoke a phenotypic effect by mere haploinsufficiency, since these genes were also found in a single copy in a healthy parent. Such inherited deletions may, however, still contribute to disease when combined with rare de novo or inherited deleterious variants on the other transmitted chromosome [Coman and Gardner, 2007] . Thus, by screening for variants in regions corresponding to inherited hemizygous deletions, we may be able to identify genes that exert a phenotypic effect by the independent loss of both alleles. This mechanism, termed 'unmasking heterozygosity', may often have escaped detection and is therefore considered an infrequent cause of genetic abnormalities [Coman and Gardner, 2007] .
Two groups of investigators took 2 distinct approaches to delineate possible unmasking heterozygosity. Hochstenbach et al. [2012] identified 20 patients with mental retardation or developmental delay and inherited deletions. Subsequently, they performed multiplexed genomic enrichment and next-generation sequencing of the entire coding sequence of all genes in these deletion regions. After mapping the sequence reads to the human reference Poot Mol Syndromol 2012; 3:45-46 46 genes in the deletion region. However, in 4 out of 5 patients they found the same variant in the 5 UTR of the RBM8A gene (position 1: 145,507,646, G/A), which is listed in dbSNP (v. 135) as rs139428292. Analysis of RBM8A by standard capillary sequencing in all other patients uncovered unmasking of this and 3 other variants in 46 out of 48 patients with a transmitted hemizygous deletion of the ATR-associated region. With elegant functional assays, the authors show that these variants indeed provoke less transcription of RBM8A and affect platelet function, thus corroborating that these variants are indeed pathogenic. These data convincingly show that the TAR syndrome may result from compound inheritance of a hemizygous deletion and either a low-frequency regulatory SNP or a null mutation, each affecting expression of the RBM8A gene.
While the paper by Albers et al. [2012] conclusively demonstrated the pathogenic impact of the combination of mutated alleles of RBM8A , the frequency of such combinations needs some consideration. Based on their population screening data, a compound heterozygote of a 5 UTR and an intronic SNV would occur in 1.28 per 10,000 people. A combination of the 200 kbp hemizygous deletion with the SNP in the 5 UTR would occur in less than 5 per million. While there are no data on the frequency of TAR in the human population, the reported frequency of RBM8A variants suggest that some patients may have gone unnoticed or may show a phenotype that is not recognized as TAR. It is conceivable that combinations of mutations in RBM8A may provoke a whole spectrum of clinical phenotypes. In addition, the estimated contribution of inherited hemizygous deletions to clinical TAR, 5 per million versus 1.28 per 10,000, suggests that hemizygous deletions involving RBM8A may be involved in roughly 4% of cases. The latter compares well with mutation data on the autosomal recessive Werner syndrome [Friedrich et al., 2011] .
Taking together these 2 papers demonstrate that unmasking heterozygosity may indeed be involved in some patients with an inherited deletion in which the disease seems to follow an autosomal recessive pattern of inheritance. By limiting genetic analyses to the coding regions of genes, as is done by most exome sequencing studies, one stands the risk to actually miss contributing variants, such as the variant in the 5 UTR of RBM8A or a deletion of the second allele being transmitted by a healthy parent. These 2 papers have widened the scope of pathogenic variants that may underlie even 'simple Mendelian diseases'. With this in mind, a reappreciation of the myriad genetic mechanisms that may be involved in 'complex disorders' is certainly needed [Poot et al., 2011] .
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